Abstract. Malignant cells show increased glucose uptake in vitro and in vivo. This process is considered to be mediated by glucose transporters (GLUTs). Hypoxia-inducible factor-1α (HIF-1α) may upregulate GLUT-1 expression. Little is known about the correlation between HIF-1α and GLUT-1 expression in laryngeal carcinoma. The current study investigated this correlation immunohistochemically, according to various clinical and pathological features, in 49 paraffin-embedded archival tissue blocks from patients with laryngeal squamous cell carcinoma. HIF-1α and GLUT-1 expression was detected in 63.3 (31/49) and 55.1% (27/49) of the tumour samples, respectively. HIF-1α expression was significantly correlated with lymph node classification (P= 0.018), recurrence (P= 0.02) and metastasis (P= 0.031). GLUT-1A expression was significantly associated with recurrence (P=0.02) and metastasis (P=0.01). Univariate analyses revealed that HIF-1α (χ 2 =8.2; P=0.004) and GLUT-1 expression (χ 2 =9.0; P=0.003) were significantly associated with a poorer survival rate. In a multivariate analysis, GLUT-1 expression (P=0.006) was a significant predictor of poor survival rate, as well as the primary tumour site, lymph node invasion and distant metastasis. Based on Spearman's analysis, GLUT-1 expression and phosphatidylinositol 3-kinase (PI3K) expression were significantly correlated (r=0.504; P=0.000). This is the first study to demonstrate a significant correlation between GLUT-1 and HIF-1α expression in laryngeal carcinoma and to show increased GLUT-1 expression as an independent survival rate predictor. These results suggest that GLUT-1 is a potential new therapeutic target for laryngeal carcinoma.
Introduction
Malignant tumours are considered to be in a hypoxic state (1) . Under hypoxic conditions, cancer cells switch from oxygen-dependent glucose metabolism to oxygen-independent glycolysis (2) . Malignant cells show increased glucose uptake in vitro and in vivo. This process is considered to be mediated by glucose transporters (GLUTs). Among GLUTs, GLUT-1 is one of the most significant mediators of increased glucose influx into cells (3) . The rate of glucose transport via GLUT-1 may be altered under conditions in which the metabolic rate must be adjusted, including during cell division (mitosis and meiosis), differentiation, transformation and nutrient starvation (4) . In previous studies (5) (6) (7) (8) (9) (10) (11) , Glut-1 expression has been correlated with lymph node metastasis, poor survival rate and clinical stage of head and neck carcinoma (HNC).
Hypoxia-inducible factor-1α (HIF-1α), a transcription factor associated with the cellular response to hypoxia (12) , upregulates the expression of several hypoxia response genes, including GLUT-1 (1) . The overexpression of GLUT-1 increases glucose transport to meet the energy requirements of malignant tumour cells. In numerous types of human cancer, the correlation between HIF-1α and GLUT-1 expression may promote tumour progression, leading to a poor outcome (1, (13) (14) (15) (16) (17) (18) , although the correlation between HIF-1α and GLUT-1 expression in colorectal cancer is controversial (19, 20) .
To the best of our knowledge, only one study exists in the English-language literature with regard to the correlation between HIF-1α and GLUT-1 expression in laryngeal carcinoma and their association with clinicopathological features (21) . This study identified no correlation between GLUT-1 overexpression and clinical outcome parameters of laryngeal carcinoma. A small quantity of studies have investigated HIF-1α (22, 23) or GLUT-1 expression alone (24, 25) in laryngeal carcinoma. The present study investigated the corre-lation between HIF-1α and GLUT-1 expression with respect to various clinical and pathological features of laryngeal carcinoma. 
Patients and methods

Patients and tissues.
I m m u n o h i s t o c h e m i s t r y.
F o r m a l i n -f i x e d a n d paraffin-embedded tissue blocks from primary lesions were cut into 4-µm sections and representative sections were analysed immunohistochemically (EliVision™ Plus IHC kit; Fuzhou Maixin Biotechnology Development Co., Ltd., Fuzhou, China) for HIF-1α (1:100; Santa Cruz Biotechnology, Santa Cruz, CA, USA) and GLUT-1 (1:50, rabbit polyclonal; Santa Cruz Biotechnology) expression (22) . Briefly, the sections were deparaffinised in xylene and rehydrated through graded concentrations of alcohol. Antigen retrieval was performed in a microwave oven for two cycles of 10 min each. Endogenous peroxidase activity was blocked by incubating the sections in 1.5% hydrogen peroxide in absolute methanol at room temperature for 10 min. Primary antibodies were applied for 1 h at room temperature and the sections were washed three times with 0.05 M Tris-buffered saline (TBS, pH 7.2). Then, 50 µl of polymer enhancer were added and following 20 min, 50 µl of polymerised horseradish peroxidase anti-mouse immunoglobulin G were added, followed by incubation for 30 min at room temperature. The sections were washed three times with TBS and the reaction products were visualised with diaminobenzidine (DAB kit; Maixin Biological Technology Ltd., Fujian, China). The sections were counterstained with haematoxylin and eosin, dehydrated and evaluated under a light microscope. As a negative control, samples were incubated using 10 mM TBS (pH 7.4) instead of a primary antibody. Erythrocytes in the tissue sections served as the positive control for GLUT-1 expression (5). Nuclear and cytoplasmic HIF-1α staining was scored as reported previously (22) .
Scoring of immunopositive cells. Positive staining for HIF-1α
and GLUT-1 was assessed in 10 high-power fields of each tumour by two pathologists using light microscopy. The mean rate of positive tumour cells was calculated. Positive expression and negative expression were defined as immunostaining of >10% and <10% of the cancer cells, respectively.
Statistical analysis.
Associations between HIF-1α and GLUT-1 immunostaining and other parameters (age, T and N category, tobacco and alcohol use) were analysed using a χ 2 test and Fisher's exact test. P≤0.05 was considered to indicate a statistically significant difference. The correlation between HIF-1α and GLUT-1 was analysed by Spearman's correlation. Overall survival rate (OS), defined as the time from surgery until mortality from any cause, was plotted as a Kaplan-Meier curve. Univariate survival rate analysis was performed using a log-rank test and multivariate analysis was performed using Cox proportional-hazards regression analysis. All analyses were conducted using SPSS for Windows (ver. 19.0; SPSS, Inc., Chicago, IL, USA).
Results
Patient characteristics.
Of the 49 laryngeal carcinoma tissue samples, 43 were from male patients and 6 were from female patients, yielding a male to female ratio of ~7:1. The median age of the 49 patients was 60.8 years (range, 32-81). Of the 49 laryngeal carcinomas, 32 (65.3%) were located in the glottic area; 14 (28.6%) in the supraglottic area and three (6.1%) in the subglottic area. At the time of diagnosis, 12 patients (24.5%) presented with lymph node metastases. Further details of the patients and tumours are presented in Table I .
The average follow-up period was 42.6 months (range, 13-181) and 4 patients were lost to follow-up. A total of 20 patients (40.8%) developed recurrence and seven (14.3%) developed distant metastases. In total, 6 patients (12.2%) succumbed to distant metastasis and local recurrence and seven (14.3%) succumbed to local recurrence of the disease. Among the 13 deceased patients, 9 had tumours in the supraglottic area and 4 had tumours in the glottic area (P<0.001). In total, 36 were alive at the last follow-up.
HIF-1α and GLUT-1 expression in laryngeal carcinoma
and associations with clinicopathological variables and prognosis. Staining for HIF-1α occurred in a granular and diffuse pattern localised mainly in the cytoplasm of cancer cells, although staining was occasionally nuclear and cytoplasmic (Fig. 1A) . HIF-1α expression was detected in 63.3% (31/49) of the tumours. HIF-1α expression was higher in laryngeal carcinoma than in cord polyp or vocal cord leukokeratosis (P<0.05; Table II) . HIF-1α expression did not differ significantly according to patient gender, age, tumour site, T classification, pathological type or histological grade (Table I) . However, HIF-1α expression was significantly correlated with lymph node classification (P=0.018), recurrence (P=0.02) and metastasis (P=0.031) ( Table I) .
Staining for GLUT-1 occurred in a diffuse pattern localised in the membrane of cancer cells (Fig. 1B) . GLUT-1 expression was detected in 55.1% (27/49) of the tumours and was higher in laryngeal carcinoma than in cord polyp or vocal cord leukokeratosis (P<0.05; Table II) . GLUT-1 expression did not differ significantly according to patient age, tumour site, T classification, pathological type, histological grade or lymph node classification. However, GLUT-1 expression was significantly correlated with recurrence (P= 0.02) and metastasis (P=0.01) ( Table I) Fig. 3; χ 2 =9.0, P= 0.003) were significantly associated with a poorer survival rate in a univariate analysis. In a multivariate analysis, significant predictors of poor survival rate included a primary cancer site in the supraglottic and subglottic areas (P= 0.038), lymph node invasion (P= 0.007), distant metastasis (P= 0.006) and GLUT-1 expression (P= 0.006).
Correlation between HIF-1α and GLUT-1 expression.
Spearman's analysis revealed a significant correlation between GLUT-1 and phosphatidylinositol 3-kinase (PI3K) expression (r=0.504, P=0.000). 
Discussion
Hypoxia, a common feature of malignancy and particularly of solid tumours, is thought to promote tumour invasiveness and metastasis (26) . HIF is a key regulator of cellular responses to hypoxia (12) . It targets the genes involved in tumour cell energy metabolism, angiogenesis, tumour metastasis, ion metabolism and catecholamine metabolism, thereby influencing the expression of proteins, including erythropoietin, vascular endothelial growth factor, GLUT-1, glyceraldehyde 3-phosphate dehydrogenase, inducible nitric oxide synthase, insulin-like growth factor-2, tyrosine hydroxylase and glycolytic enzymes (27) . HIF-1α and GLUT-1 are the intrinsic hypoxia markers that have been studied the most in various tumours (13) (14) (15) (16) (17) (18) . Nevertheless, few studies have investigated the value of HIF-1α (22, 23, 28, 29) or GLUT-1 expression (24, 25) alone for the prediction of clinical outcome and survival rate of laryngeal carcinoma and, to the best of our knowledge, there is 
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only one study in the English-language literature with regard to the correlation between HIF-1α and GLUT-1 expression in laryngeal carcinoma (21) . In a previous study, 67.5% (27/40) of patients with laryngeal carcinoma were immunopositive for HIF-1α and HIF-1α expression was associated with T stage and lymph node metastasis (22) . Similarly, in the present study, the overexpression of HIF-1α was immunohistochemically detected in 63.3% (31) of another 49 laryngeal carcinomas and HIF-1α expression was significantly correlated with lymph node classification, recurrence and metastasis. Yu et al revealed that HIF-1α was correlated with the clinical stage of laryngeal cancer and lymph node metastasis (23). Wildeman et al suggested that the effect of hypoxia-related proteins, including carbonic anhydrase IX and HIF-1α, on an increased risk for local recurrence of laryngeal carcinoma is stronger following radiotherapy (29) . Cabanillas et al reported a significant positive correlation between HIF-1α and T classification, but no association was observed with other clinicopathological variables or with the prognosis of supraglottic laryngeal squamous cell carcinoma (28) . Although HIF-1α expression was significantly associated with a poorer survival rate in a univariate model in the present study, multivariate analysis revealed no significant association. These apparent discrepancies concerning the correlation between HIF-1α and survival rate may be attributable to variations in therapeutics or in patient populations, as the disease course and prognosis of head and neck squamous cell carcinoma are known to differ regionally and different patients may carry distinct genetic alterations (28) . These limitations may make studies of HIF-1α in head and neck squamous cell carcinoma susceptible to bias (28) .
In a previous study of GLUT-1 expression in laryngeal carcinoma, the expression of GLUT-1 mRNA and protein was increased in laryngeal carcinoma Hep-2 cells and an antisense oligonucleotide against GLUT-l mRNA reduced the expression of GLUT-1 mRNA and protein, thus inhibiting glucose uptake and cell growth in Hep-2 cells (25) . Based on these results, it was suggested that GLUT-1 is a potential therapeutic target for strategies designed to inhibit the progression of laryngeal cancer (25) . The present study also demonstrated the overexpression of GLUT-1 in laryngeal carcinoma tissues and there was a significant correlation between GLUT-1 expression and recurrence and metastasis. In univariate and multivariate analyses, increased GLUT-1 expression was significantly associated with a poorer survival rate. GLUT-1 may serve as an independent survival rate predictor, similar to the primary tumour site, lymph node invasion and distant metastasis of laryngeal carcinoma in the present series. The present study provides further support for considering GLUT-1 as a new therapeutic target for laryngeal carcinoma.
In normal cells, HIF-1α upregulates GLUT-1 expression in response to hypoxic injury (20) . In cancer cells, the HIF-1α-induced increase in GLUT-1 serves to provide for the energy requirements of malignant tumour cells. However, certain studies do not reflect this phenomenon. Schrijvers et al reported that there was no significant correlation between GLUT-1 and HIF-1α expression detected immunohistochemically in 91 stage T1-T2 glottic laryngeal carcinomas treated with radiotherapy and that only HIF-1α was a predictor of poor survival rate (21) . This is contrary to the results of the present study. Contradictory results have also been revealed among studies of other types of cancer and the reason for this remains unknown. Yasuda et al suggested that GLUT-1 expression is not fully regulated by HIF-1α in ovarian adenocarcinoma. Heterogeneous GLUT-1 expression cannot be satisfactorily explained solely through regulation by HIF-1α and GLUT-1 overexpression may be more strongly affected by micro-environmental conditions (1). Koukourakis et al identified no association between HIF-1α and GLUT-1 expression and clinicopathological characteristics in colorectal cancer, reporting GLUT-1 immunoreactivity in not only cancer cells but also the endothelium (19) . Wincewicz et al reported that HIF-1α expression was correlated with GLUT-1 expression in colorectal cancer and suggested that HIF-1α-dependent induction of GLUT-1 is difficult to demonstrate, given that HIF-1α is detected mainly in the cytoplasm, while it exerts its transcriptional activity in the nucleus (20) . In renal cell carcinoma, Lidgren et al revealed that HIF-1α and GLUT-1 expression levels were significantly correlated with chromophobe renal cell carcinoma (cRCC), but not with papillary renal cell carcinoma (pRCC) (17) . In addition, GLUT-1 was overexpressed mainly in cRCC, but not in pRCC, suggesting that other pathways for glucose metabolism are involved in various types of RCC (17) .
Thus, numerous factors, including histopathological type, immunohistochemical techniques, tumour stage, sample number and other transcriptional regulators, may affect the correlation between HIF-1α and GLUT-1 expression in types of cancer and the correlation between their expression and clinicopathological variables and cancer prognosis. HIF-1α and GLUT-1 expression in carcinomas requires further study.
The current study reports the first finding of a significant correlation between GLUT-1 and HIF-1α expression in laryngeal carcinoma. Overexpression of HIF-1α was significantly correlated with lymph node classification, recurrence and metastasis. Increased GLUT-1 expression was significantly associated with recurrence and metastasis of laryngeal carcinoma and may serve as an independent survival rate predictor. The present results further indicate that GLUT-1 may be a potential new therapeutic target for laryngeal carcinoma.
